T he flagellar pocket is a bulb-like invagination of the plasma membrane that encloses the base of the single flagellum in trypanosomes. It is the site of all endo-and exocytic activity in the parasite and has thus been proposed to be a therapeutic target. At the neck of the flagellar pocket is an electron-dense cytoskeletal structure named the flagellar pocket collar. The protein BILBO1 was the first characterized and remains the only known component of the flagellar pocket collar, with essential functions in the biogenesis of both the flagellar pocket and flagellar pocket collar. We recently reported that the filamentous assembly of Trypanosoma brucei BILBO1 (TbBILBO1) is mediated by its central coiled coil domain and C-terminal leucine zipper. Here, we discuss how TbBILBO1 might assemble at the flagellar pocket collar in T. brucei.
Trypanosoma brucei is a protist parasite and the causative agent of Human African Trypanosomiasis (sleeping sickness). 1 The single flagellum on the cell surface is essential for parasite motility, cell division, and immune evasion. 2 The base of the flagellum is enclosed in a bulb-like invagination of the plasma membrane called the flagellar pocket (FP). The FP is the site of all endo-/exocytosis and thus essential for the survival of the parasite. 3 At the neck of the FP is an electron-dense cytoskeletal structure termed the flagellar pocket collar (FPC, Fig. 1) . A recent electron tomography study of the region around the FP suggested that the FPC might form a horseshoe shape, thus leaving a gap for placement of a specialized microtubule quartet that extends from alongside the basal body down the longitudinal axis of the cell to the cell anterior. 4 To date, the only known protein component of the FPC is BILBO1. 5 Bioinformatic analysis indicates that there are 4 structural domains in the 67-kDa T. brucei BILBO1 (TbBILBO1), including a globular N-terminal domain, 2 central EF-hand motifs followed by a long coiledcoil domain, and a C-terminal leucine zipper ( Fig. 2A) . Recombinant TbBILBO1 by itself forms insoluble oligomers in vitro, which makes it intractable to any single conventional structural study method. We recently carried out a structural dissection of TbBILBO1 using integrative structural biology approaches including nuclear magnetic resonance (NMR) spectroscopy, electron microscopy (EM), and various biophysical methods. The high-resolution structure of the TbBILBO1 N-terminal domain revealed a variant ubiquitin-like fold with a conserved surface patch; mutagenesis of this patch caused cell death in vivo. 6 We further showed that the coiled-coil domain forms an antiparallel dimer, and intermolecular interactions between adjacent leucine zippers allow TbBILBO1 to form extended filaments in vitro (Fig. 2B ). These filaments were additionally shown to condense through lateral interactions into fibrous bundles, with the globular domains in register. 7 How then might the filamentous oligomer of TbBILBO1 assemble at the FPC in the cell?
The assembly of TbBILBO1 at the FPC could occur in at least 3 different ways. The molecules could conceivably form a zigzag arrangement with the individual dimers running parallel to the long axis of the flagellum, although this seems unlikely given the lack of extreme flexibility between the dimers and the observed propensity of the threads to form long linear assemblies. 7 Alternatively, they could wrap around the neck of the FP in a solenoid (Fig. 2C) . A caveat here is that the FPC must permit passage of the specialized microtubule quartet that extends from the basal body region along the longitudinal axis of the cell toward the cell anterior. 4 It could perhaps be accommodated by a local displacement of the solenoid. Although it is not yet known if TbBILBO1 is part of the electron-dense component of the FPC, if it is assumed to be, then a third model is possible. Here, laterally interacting threads of TbBILBO1 could wrap around the FP neck but be of insufficient length to completely encircle it. This model implies the existence of some kind of capping protein to limit filament growth (Fig. 2D) . In this model, the capping proteins are adjacent to the microtubule quartet. Therefore, it is possible that the capping proteins may serve to link the FPC to the microtubule quartet. A possible means of distinguishing between these models would be to analyze whether the FPC becomes either thicker or wider upon overexpression of TbBILBO1.
In both the solenoid (Fig. 2C ) and the horseshoe (Fig. 2D ) models, the EF-hand motifs might play a regulatory role in the assembly and/or function of the FPC. In many EF-hand-containing proteins, calcium binding triggers conformational changes that can subsequently allow the EF-hand motif to interact with another region of the same protein or with a binding partner. 8 We found that calciumbound TbBILBO1 EF-hand motifs formed a compact globular structure whereas the apo form (without calcium) was loosely folded and structurally dynamic. 7 It is conceivable that the TbBILBO1 EF-hand motifs, in response to calcium availability, change their structure to reversibly interact with another region of TbBILBO1 in a neighboring strand or even with an unknown FPC component (Fig. 2C , dashed arrows in the inset). Similarly, the essential N-terminal domain, which is spatially close to the filament junction, may bind an unknown component of the FPC or a key regulatory protein via its conserved surface patch (Fig. 2C, hexagons in the inset) . The lateral association between neighboring filaments would then not only facilitate the formation of a condensed structure but might also serve to regulate the size of the FPC in a calcium-depending manner controlled by the EF-hand motifs.
Conclusion
Our studies reveal that the multidomain cytoskeletal protein TbBILBO1 assembles into long filaments via 2 types of helical structures -an unusually long antiparallel coiled coil and a leucine zipper at the C-terminus of the coiled coil, which also interacts in an antiparallel manner to bridge neighboring coiled coil dimers to form an extended filament. To condense into the compact structure of the FPC, TbIBLBO1 filaments could possibly associate via lateral interactions between neighboring structures as proposed in the solenoid and horseshoe-like models. If the horseshoe-like structure proves true, then it would be important to identify the capping protein and characterize the molecular mechanism of its function as a bridge between the microtubule quartet and the FPC. It is also important to identify the protein that binds to the conserved surface patch on the N-terminal domain of TbBILBO1. A high-resolution structure of this binary protein complex might provide guidance in designing small molecules and/or polypeptides with therapeutic properties.
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